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Purpose: To compare clinical outcomes of patients who required a pro-
Jamie Mann-Fa

Hospital, Brisbane

Midwifery, Univers

abeth Egan, RN, B

andra Hospital, B

BN, Post Anestheti

Brisbane, Australi

Care Unit, Princes

Amanda Vaux, RN

ment, Princess Ale

Arndell, RN, BN, Po

386
longed length of stay in the postanesthesia care unit (PACU) with a con-

trol group.
Design: A single-center purposive-sampled retrospective medical record

and database audit.
Methods: Patients with prolonged PACU stays were compared to a group

of patients whose stay was less thanmedian for outcomemeasures: rapid

response team (RRT) activation, cardiac arrest, unanticipated intensive

care unit admissions, and survival to discharge.
Findings: A total of 1,867 patients were included in the analysis (n5 931

prolonged stay and n5 933 control group). Prolonged stay in PACU was

higher among patients who were older, had higher American Society of

Anesthesiologist score, and were discharged to wards during the after-

noon or late nursing shift. RRT activation after discharge from PACU

occurred in more patients in the study group compared with the control

group (7% vs 1%, respectively). There were no cardiac arrests recorded in

either group within the 24 hours after PACU discharge period.
Conclusions: Prolonged stay in the PACU for 2 or more hours because of

clinical reasons appears to be associated with a higher incidence of clin-

ical deterioration in the ward setting requiring RRT intervention within

24 hours after discharge from PACU.

Keywords: postoperative deterioration, rapid response, PACU, post-

anesthesia care unit, surgical deterioration, rapid response team.
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SINCE INCEPTION IN 1940s, the predominant

setting for patient recovery immediately after sur-

gery in Australia has been the postanesthesia care

unit (PACU), also historically referred to as the
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recovery room.1 Nursing staff in these units,

typically registered nurses (RNs), use a highly

specialized skill set and comprehensive nursing

assessment to recognize and respond to
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complications from anesthesia, surgery, or coexist-

ing diseases.2,3 As patients recover from anesthesia

and throughout the transition to ward readiness,

PACU nurses maintain continuous monitoring.

PACU staff have a strong interprofessional
relationship with surgical staff and anesthesia

providers. This facilitates access to advanced

clinical and pharmacologic interventions that are

used to treat well-known clinical risks in early post-

operative care, including hypoxemia, aspiration,

hemorrhage, hypotension/hypertension, thermo-

regulation distortions, uncontrolled pain, nausea

and vomiting, fluctuations in sedation and con-
sciousness,2,3 thus, counteracting patient clinical

deterioration while in the PACU.

In concluding the episode of PACU care, RNs

determine the suitability of the patient for

discharge from PACU and return to a ward setting

using a variety of assessments tools.4-6 A recent

systematic review identified that only one
randomized controlled trial examining patient

readiness-for-discharge assessment by RNs, in

PACU, had been published in the last 40 years.4

Historically, predicting and preventing postopera-

tive deterioration after discharge from PACU has

not been a focal point of inpatient deterioration

research, despite the broad appeal of such work.
In the absence of other easily available quality

outcome measures, postoperative mortality has

been used as a surrogate marker of postoperative

deterioration.7-10 Until recently, other important

indicators of clinical deterioration such as the

incidence of rapid response team (RRT)

activation, unplanned intensive care unit (ICU)

admission, and cardiac arrest rates after discharge
from PACU were unknown.

Emerging in the last 12 months, two studies have

initiated discourse on predicting and preventing

deterioration after discharge from PACU.11,12 One

of the studies considered the effect of a newly

developed observation, response, and discharge

chart by comparing preimplementation and
postimplementation outcomes.11 The study was

conducted in three Australian hospitals and

compared the rate of clinical deterioration, cardiac

events, and other adverse events. They reported

the rate of adverse events after discharge from

PACU remained constant (16.5%), but the rate of

cardiac events (5.1% vs 2.6%; P5 .021) and clinical
deterioration (8.7% vs 4.3%; P 5 .001) after PACU

discharge significantly decreased after implemen-

tation of the new chart.

In the second study, the investigators aimed to re-
cord the incidence of early postoperative deterio-

ration and identify factors predictive of at-risk

patients. After binomial logistical regression anal-

ysis of 747 patient clinical records, they identified

that postoperative deterioration was common

with PACU deterioration occurring in 20.1% of pa-

tients (n 5 155) and on ward deterioration occur-

ring in 16.7% of patients (n5 125). Commonward
events included hypotension (64; 8.2%) and desa-

turation (59; 6.2%). They observed that an RRT

call occurred for 33 (4.4%) patients and an un-

planned ICU admission for seven (0.9%) patients.

The study identified that a history of atrial fibrilla-

tion and chronic liver disease, duration of surgery

and excessive sedation in PACU, among others,

were strongly associated with subsequent ward
deterioration. However, measures of surgical

complexity were not.12

These recent developments highlight that PACU

discharge decisions and decision-making tools

may be useful predictors of future ward deteriora-

tion, although work in this regard is limited.
Purpose

The primary purpose of this research was to eval-
uate if a longer stay in PACU owing to ongoing

treatment was associated with patient clinical out-

comes after discharge to the ward. A secondary

purpose of the research was to describe the clin-

ical factors associated with a prolonged stay in

PACU.
Methods

This single-center purposive-sampled retrospec-

tive medical record audit was conducted at the
Princess Alexandra Hospital, Brisbane, Australia.

Approval was obtained from the hospital Human

Research Ethics Committee on June 21, 2016

(HREC/16/QPAH/355). Permission was also ob-

tained from the data custodian, the office of the Di-

rector-General, Queensland Health.
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Setting

The study was undertaken at the Princess Alexan-

dra Hospital, an adult tertiary hospital in Brisbane,
Australia. The hospital has approximately 750 in-

patients at any time with an annual approximate

turnover of 104,300 patients and 21,600 operating

theater cases performed including 1,600 trans-

plant service separations, in all adult specialties

except obstetrics and burns.
Participants

Patients were included in the study if they under-

went an elective procedure that required an inpa-
tient admission between January 2014 and June

2015 and were discharged from PACU to inpatient

wards. They were excluded from the study if:

1. They had a prolonged stay in PACU for

nonclinical reasons, including bed manage-

ment or organizational factors.

2. They had electroconvulsive therapy or elec-

tive cardioversions in the operating room

(OR) as a booked procedure.

3. They were younger than 18 years.

4. They were day-only admissions.
5. They died while in the OR or PACU.

6. They had a planned direct transfer from OR

to the ICU.

The time from admittance to PACU until they were
ready for discharge to the ward was used to calcu-

late length of stay for all patients.

Patients were included in the study group if they

had a prolonged length of stay in PACU for clin-

ical causes. Clinical causes were defined as pa-

tients requiring active intervention for a

condition at or beyond a 2-hour time frame and
included hypotension or hypertension requiring

intravenous treatment; persistent hypoxemia

requiring oxygen therapy; unresolved pain;

persistent nausea and vomiting; anemia requiring

blood transfusion and unexplained neurologic

changes (such as confusion, delirium, seizures,

drowsiness).

A comparison group was randomly selected from

patients whose time in PACUwas less than the me-

dian time of stay of all patients in PACU of 35 mi-

nutes (control group).
The medical record audit was undertaken using

the OR management software, ORMIS (Computer

Sciences Corporation, Falls Church, VA) to obtain

the study population, patient demographic data,

and patient and clinical details of time in PACU un-
til ready for discharge to the ward. Other sources

of data included the hospital rapid response data-

base, inpatient case-mix and statistics database

for crude mortality, and Metavision ICU (IMDsoft,

Tel Aviv, Israel) for unanticipated ICU admissions

data.

OUTCOMES. The main outcome event was pa-

tient clinical deterioration with a surrogate

outcome measured by RRT calls. Other outcomes

included cardiac arrests, unexpected ICU admis-

sions, and survival to discharge during the study

period and were reported for each patient
included in the study.

The Princess Alexandra Hospital operates a two-

tier response system for deteriorating patients,

the first being ICU nurse-led outreach service

and the second being an RRT. Table 1 provides

criteria used to activate the RRT at the facility.

Cardiac arrest was defined as a medical event

requiring cardiopulmonary resuscitation or defi-

brillation or would have required these interven-

tions had the decision not been made at the

scene to withhold resuscitation. Only cardiac ar-

rests where the RRT were called to attend were

included in the analysis. Information on arrests

managed by local staff, without the attendance
of the RRT, was not recorded in hospital data-

bases.

Unplanned ICU admissions were defined as un-

scheduled admissions from any inpatient wards

and included coronary care unit and direct admis-

sions from PACU.

EXPLANATORY VARIABLES. Patient characteris-
tics including age, sex, and the American Society of

Anesthesiologist (ASA) score for comorbidities

before surgery were reported (Table 2).

Other variables recorded included the day of the

week that the surgery was performed; the type

of surgery categorized into orthopaedic, vascular,

neurosurgical, general, and other; and the



Table 1. Clinical Criteria for Activating an
RRT

Respiratory

� Rate , 8 or .36 breaths per min

� Pulse oximeter reading less than 90%

Heart rate

� , 40 or .140 beats per min

Blood pressure

� , 90 mm Hg

Neurologic

� Acute changes to consciousness

� Signs & symptoms of a stroke

Other

� Chest pain

� Staff concern

RRT, rapid response team.
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department (surgery or other) the patients were

discharged to from PACU.

In the study group, details of treatment received in

PACU for systolic blood pressure of less than

90 mm Hg or greater than 160 mm Hg; chest

pain (self reported); persistent hypoxia (pulse ox-

imetry , 90%); nausea and vomiting; anemia

requiring blood transfusion; unexplained neuro-

logic changes; or other clinical concerns requiring
Table 2. Patient Demographics by Study
Group

Characteristic

Study
Group

(n 5 931)

Control
Group

(n 5 933)

P*N (%)y

Age (y) , .001

Younger than 40 166 (18) 244 (26)

40-59 257 (28) 285 (31)

60-69 165 (18) 179 (19)

70 and older 343 (37) 225 (24)

Sex , .001

Men 567 (61) 643 (69)

Women 364 (39) 290 (31)

ASA , .001

, III 296 (32) 460 (49)

III or III E 502 (54) 402 (43)

.III 133 (14) 71 (8)

ASA, American Society of Anesthesiologists.

*P values calculated using Mann-Whitney test for

continuous variables and c2 test for categorical data.
y
N 5 number of patients.
medical review (unquantified nursing concern)

were also collected.

Data Analysis

All data were analyzed using Stata, version 14.2

(StataCorp, College Station, TX), and a P value of

, .05 was considered an indication of statistical

significance.

Descriptive statistics were reported, and differ-

ences between study and control groups were

analyzed using c2 test and Fisher exact test for cat-
egorical data and as data were not normally distrib-

uted, Mann-Whitney tests for continuous data.

The associations between all explanatory variables

and RRT call were examined using logistic regres-

sion, and the crude odds ratios (ORs) were esti-

mated. Variables significant at the 0.10 level were

included forward stepwise in a multivariable logis-
tic regression model, and adjusted odds ratios

(AORs) were estimated.

Finding

Of a total of 1,864 patients, 931 were included in

the study group and 933 in the control group.

There were more men in the control group than

the study group (69% & 61%, respectively) (P ,
.001). More than half (55%) of the patients in the

study group were older than 60 years, and 86%

of the patients (798 of 931) had an ASA of less

than III; III; or IIIE (Table 2).

More patients had a prolonged length of stay for

clinical reasons during the weekdays than week-

ends and during the late shift, with 70% of all

occurring between 3 p.m. and 11 p.m. (P ,
.001). The three main reasons for prolonged clin-

ical stay were unresolved pain, hypotension, and

clinical concern accounting for 32% (299 of
931), 20% (186 of 931), and 25% (231 of 931) of

all occurrences, respectively (Table 3). Together,

these constituted 83% (716 of 931) of the pro-

longed stay for clinical reasons.

RRT activation within 24 hours after discharge

from PACU occurred in 69 (7%) patients in the

study group compared with 12 (1%) patients in
the control group (P , .001) (Table 4). Patients

in the study group were significantly more likely



Table 3. Clinical Reasons for PACU Stay for
More Than 2 hours

Reason N (%)

Unresolved pain 299 (32)

Other clinical concern* 231 (25)

Hypotension 186 (20)

Hypoxia 71 (8)

Hypertension 59 (6)

Anemia requiring blood transfusion 43 (5)

Unexplained neurologic changes 25 (3)

Chest pain 6 (1)

Nausea and vomiting 11 (1)

PACU, postanesthesia care unit.

*Other clinical concerns include a worrying appear-

ance, an alarming behavior, or a clinical condition that re-

mains within acceptable parameters, yet has worrying

features.
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to have an RRT call on their return to the ward

than those in the control group after adjusting

for the patients age, ASA category, and the depart-

ment they were discharged to (AOR, 5.64; 95%

confidence interval, 2.98 to 10.69) (Table 4). Pa-

tients older than 70 years compared with those

younger than 40 years were significantly more
likely to have an RRT (AOR, 8.83; 95% confidence

interval, 2.61 to 29.97). Patients with ASA class

more than three compared with those with ASA

of less than three were more likely to have an

RRT call, but after adjusting for age, study group,

and discharge destination, this was not statistically

significant.

Orthopaedic surgery was associated with 37% of

prolonged stay patients in PACU and together

with general surgery accounted for more than

half (58%) of the prolonged stay in PACU episodes.

There were no cardiac arrests recorded in either

the study group or the control group within the

24 hours after PACU discharge period. Fourteen pa-
tients in the study group required an unanticipated

ICU admission, whereas no patient in the control

group required the same (P , .001). With respect

to hospital mortality and survival to discharge, sta-

tistical significance between groups could not be

demonstrated. Although not statistically signifi-

cant, a small difference was noted in survival to

discharge with 22 (2%) patients in the study group
compared with 11 (1%) patients in the control

group not surviving to discharge (P 5 .053).
Discussion

Hospital systems that are designed to recognize

and rapidly respond to clinical deterioration are

not new. Evidence of the impact of response sys-

tems on the safety and survival of hospitalized pa-

tients is contradictory. Investigators in some

studies report improvements in cardiac arrest

rates, unplanned admissions to ICU, and hospital

mortality rates, and yet other comparable studies
report no difference.13 In their systematic review,

Smith et al14 noted that more than 11,000 studies

have been undertaken that have considered clin-

ical deterioration in hospitalized patients, yet

only eight studies addressed the prospect of pre-

dicting deterioration. Recently, attention has

turned to the predictive value of PACU discharge

assessments and decision making, and it has
been suggested that PACU is an optimal environ-

ment to assess the likelihood of future deteriora-

tion.

At the Princess Alexandra Hospital, the PACU is

the only unit where patients are cared for with

continuous monitoring and the bedside presence

of nurses specialized in the identification of early
postoperative complications. The investigators of

this study speculated that patients requiring a

prolonged stay in this environment, to stabilize

their clinical condition, were potentially signaling

that the patient’s physiology was on a deteriora-

tion trajectory. The investigators suspected that

the trajectory was temporarily halted by the

care provided in PACU and that once the patient
left the unit the deterioration trajectory would

possibly resume.

This study suggests that patients who remain in

PACU for more than 2 hours, because of clinical

reasons after surgery, are more likely to encounter

clinical deterioration after return to wards than pa-

tients who have a routine stay in PACU. This study
also found that the incidence of prolonged length

of stay in PACU for clinical causes was greater dur-

ing the week than on weekends, which is believed

to reflect that complex elective surgery at this insti-

tution is performed during the week. Finally, this

study suggests that prolonged stay in PACU was

higher among patients who were older, had high

ASA, and were discharged to wards during the af-
ternoon/late nursing shift and could be of interest

to further investigations.



Table 4. Incidence of RRT

Occurrence Total

RRT Intervention

N (%) OR (95% CI) AOR* (95% CI)

Time in PACU

2 h or more (study group) 931 69 (7) 1.00 1.00

, 35 min (control group) 933 12 (1) 6.14 (3.30-11.42) 5.64 (2.98-10.69)

Day of week admitted to PACU

Sunday 152 2 (1) 1.00 1.00

Monday 298 12 (4) 3.15 (0.70-14.24) 2.19 (0.47-10.16)

Tuesday 312 20 (6) 5.14 (1.18-22.27) 3.46 (0.78-15.32)

Wednesday 304 18 (6) 4.72 (1.08-20.62) 2.70 (0.60-12.10)

Thursday 303 12 (4) 3.09 (0.68-14.00) 1.87 (0.40-8.67)

Friday 324 8 (2) 1.90 (0.40-9.05) 1.38 (0.28-6.71)

Saturday 171 9 (5) 4.17 (0.89-19.60) 4.88 (1.00-23.70)

Department discharged to from PACU

Othery 369 24 (7) 1.00 1.00

Surgery 1,495 57 (4) 1.75 (1.07-2.87) 2.18 (1.27-3.71)

Shift returned to ward

Early (7 a.m.-3 p.m.) 676 22 (3) 1.00 1.00

Late (3 p.m.-11 p.m.) 1,094 58 (5) 1.66 (1.01-2.75) 1.05 (0.62-1.77)

Night (11 p.m.-7 a.m.) 94 1 (1) 0.32 (0.04-2.40) 0.20 (0.03-1.51)

Type of surgeryz

Orthopaedic 344 29 (8) 1.00 1.00

Vascular 123 3 (2) 0.27 (0.08-0.91) 0.20 (0.06-0.68)

Neurosurgical 84 4 (5) 0.54 (0.19-1.59) 0.65 (0.21-1.99)

General 191 14 (7) 0.86 (0.44-1.67) 1.04 (0.52-2.07)

Other 189 19 (10) 1.21 (0.66-2.23) 1.25 (0.65-2.40)

Treatment in PACU

Control group/no treatment 933 12 (1) 1.00 1.00

Hypotension 186 34 (18) 17.17 (8.70-33.89) 12.55 (6.19-25.46)

Chest pain, hypoxemia, nausea and

vomiting, anemia requiring blood

transfusion, and neurologic

changes

156 14 (9) 7.57 (3.43-16.69) 6.42 (2.84-14.50)

Unresolved pain 299 11 (4) 2.93 (1.28-6.71) 3.32 (1.43-7.73)

Other clinical concernx 290 10 (3) 2.74 (1.17-6.41) 2.66 (1.12-6.32)

RRT, rapid response team; OR, odds ratio; 95% CI, 95% confidence interval; AOR, adjusted odds ratio; PACU,

postanesthesia care unit.

*Adjusted for American Society of Anesthesiologist, age, long or short stay, and department discharged to from PACU.
yOther department includes medical, oncology, and rehabilitation wards.
zType of surgery only known for long-stay patients.
xOther clinical concerns include a worrying appearance, an alarming behavior, or a clinical condition that remains

within acceptable parameters, yet has worrying features.
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Implications for Practice

This study has identified that there is significant

predictive value in determining deterioration for

patients that remain under active treatment in

PACU for clinical reasons for more than 2 hours.

An awareness of this may begin to alter clinical

practice in particular to the location and level of
care provided to the at-risk prolonged stay pa-

tients. Future practice might include a longer
stay in PACU to ensure patient safety; an

ICU outreach consultation for patients with a

prolonged stay in PACU or initiating dialogwith pa-

tient flow administrators to determine an appro-

priate level-of-care ward after discharge from

PACU. Transferring the necessary information
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through communication and handover is an

important part of the discharge process from

PACU to the ward for all patients, but we suggest

that a prolonged stay in PACU should be noted

with the team leader of nursing staff on the ward
with respect to altering nurse-to-patient ratios

and should form a component of handover to

receiving ward nurses.

Limitations

Although robust outcome measures that had

been used in previous studies were used in this

study, these outcomes may have been influenced

by other factors unable to be controlled for by

our study design. This study research was con-

ducted in a single center, was retrospective, and

did not collect data on individual patient manage-
ment, patient illness severity, or experience of

staff. It was possible neither to determine if surgi-

cal cases were classified as emergency cases

arising from clinical need or for bed management

requirements nor to adjust for specific surgical

procedures or patient comorbidities. The study

was also unable to determine the rate of RRT

criteria breaches that occurred and were not
acted on for patients discharged to the ward

from PACU.

Suggestions for future research would be to iden-

tify and quantify the predictors of a patient’s long

stay in PACU. Sensitivity analyses to determine
the length of stay in PACU, which best predicts

clinical deterioration after discharge to the ward,

would enrich the evidence base in this field. A

nomogram could also be developed to enable

PACU staff to determine a discharge clinical risk
assessment score for individual patients, which

could be useful for both hospital administrators

and clinicians.

Conclusion

This study has demonstrated that a prolonged stay

in the PACU for 2 or more hours because of clinical

reasons is associated with a higher incidence of

future deterioration on the ward. This group of pa-

tients is significantly more likely to require RRT

intervention than those that stay in PACU for less

than amedian length of stay (less than 35minutes).
A prolonged stay in PACU for clinical reasons also

increases the risk of unanticipated ICU admission

within the next 24 hours of return to ward. There

might also be a correlation in decreased survival to

discharge in these patients; however, further

research is required in this area.
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